Introduction Several analyses of hernia registries have demonstrated that patients older than 65 years have significantly higher perioperative complication rates compared with patients up to the age of 65. To date, no special analyses of endoscopic/laparoscopic inguinal hernia surgery or of the relevant additional influence factors have been carried out. Besides, there is no definition to determine whether 65 years should really be considered to be the age limit. Methods In the Herniamed Hernia Registry, it was possible to identify 24,571 patients with a primary inguinal hernia and aged at least 16 years who had been operated on between September 1, 2009, and April 15, 2013, using either the TAPP technique (n = 17,214) or TEP technique (n = 7,357). Patients in the age group up to and including 65 years (B65 years) were compared with those older than 65 years ([65 years) in terms of their perioperative outcome. That was done first using unadjusted analysis and then multivariable analysis. Results Unadjusted analysis revealed significantly different results for the intraoperative (1.19 vs 1.60 %; p = 0,010), postoperative surgical (2.72 vs 4.59 %; p \ 0.001) and postoperative general complications (0.85 vs 1.98 %; p \ 0.001) as well as for complication-related reoperations (1.07 vs 1.37 %; p = 0,044), which were more favorable in the B65 years age group. However, in multivariable analysis, it was not possible to confirm that for the intraoperative complications or the reoperations. Reoperations were needed more often for bilateral procedures (p \ 0.001; OR 2.154 [1.699; 2.730]), higher ASA classification (IV vs I: p = 0.004; OR 6.001 [1.786; 20.167]), larger hernia defect and scrotal hernias. The impact of these factors, in addition to that of age [65 years, was also reflected in the postoperative complication rates. The age limit for increased onset of perioperative complication rates tends to be more than 80 rather than 65 years. Conclusion The higher perioperative complication rate associated with endoscopic/laparoscopic inguinal hernia surgery in patients older than 65 years is of multifactorial genesis and is observed in particular as from the age of 80 years.
demographics means an increasing number of elderly patients require elective surgical repair. Incidence is also higher in the elderly, as loss of tissue strength leads to increased herniation [1] [2] [3] .
On the basis of the 2006 National Hospital Discharge Survey, patients aged 65 and older accounted for 35 % of all procedures [4] . A nationwide prevalence study showed that the age distribution of inguinal hernia repair is bimodal peaking at early childhood and old age (75-80 years) [5] . The cumulative incidence of inguinal hernia in the USA varies according to the patients' age: 25-to 39-year-old patients show an incidence of 7.3, 14.8 % at the age of 40-59 years and 22.8 % at the age of more than 60 years [6] .
The main goals of elective hernia surgery are symptomatic improvement and prevention of acute surgical emergencies such as incarceration or strangulation. Emergency repair is known to carry significantly higher rates of morbidity and mortality, especially among the elderly [7, 8] . However, there remains a lack of clarity about the appropriateness of intervention in elderly patients with comorbidity in whom symptoms may be minimal and elective repair carries risk [9] . Although a period of watchful waiting has been advocated by some authors for young fit patients, for older patients with comorbidity early elective repair has been advocated [10, 11] .
Outcome studies demonstrate that morbidity and mortality are increased following surgery in the elderly as compared with the younger population [12] .
In the Swedish Hernia Registry, there was a significant and substantial increase in risk of a postoperative complication with laparoscopic and open preperitoneal procedures in older patient (age [ 65 years) [13] . In the Danish Hernia Registry, complications after groin hernia repair were more frequent in patient [65 years (4.5 %) , compared with younger patients (2.7 %) (p = 0.001) [14] .
In the National Surgical Quality Improvement Program (NSQIP) of the American College of Surgeons, the risk of onset of perioperative complications in patients [65 years is expressed with a significant higher odds ratio of 1.418 [1.206-1.666 ] [15] .
Cardiac events occur in 1-5 % of patients undergoing non-cardiac surgery and pulmonary complications in 2.1-10.2 % of elderly patients [4] .
The use of a low-pressure pneumoperitoneum and of alternative gases to the CO 2 pneumoperitoneum is under discussion in order to reduce the cardiopulmonary complications associated with laparoscopic/endoscopic surgery [16, 17] . Other authors exclude older patients with important comorbidities such as severe chronic obstructive pulmonary disease (COPD) from laparoscopic/endoscopic surgical procedures [18] .
In the prospective randomized Veterans Affairs Cooperative Study, it was not possible to identify any link between the patient's age and onset of short-term complications following laparoscopic/endoscopic inguinal hernia surgery (n = 989 patients) [19] . In a retrospective comparative study with 185 patients, no difference was discerned in the perioperative complication rates between patients [65 and B65 years [18] .
In retrospective comparative studies with 104 and 81 patients, no significant difference was seen in the perioperative outcome of patients aged C80 years between open and laparoscopic/endoscopic inguinal hernia repair [20, 21] .
In an effort to minimize elective operative morbidity and enhance postoperative recovery, laparoscopic repair has been suggested as an appropriate technique to inguinal hernia repair [8, 22, 23] .
Existing guidelines do not make any age-specific recommendations on optimal surgical approach in inguinal hernia surgery. There remains a lack of clarity about the safety of laparoscopic repair in an aging population [20, 21] .
This study therefore aimed to clarify the impact of age on postoperative outcome after endoscopic repair of primary inguinal hernia, as well as attempting to identify other influence factors that impacted the perioperative outcome and a cutoff age at which laparoscopic repair should no longer be advocated.
Patients and methods
Herniamed is a multicenter, internet-based hernia registry [24] in which 358 participating clinics and surgeons in private practice from Germany, Austria and Switzerland (Status: April 15, 2013) have prospectively registered their patients who had undergone hernia operations [14] . This present analysis now examines the prospective data of all patients who had undergone laparoscopic/endoscopic inguinal hernia repair in transabdominal preperitoneal patch plasty (TAPP) or total extraperitoneal patch plasty (TEP) between September 1, 2009, and April 15, 2013 . The inclusion criteria were a minimum age of 16 years, primary inguinal hernia and uni-or bilateral operation. In total, 24,571 patients were enrolled (Table 1) . These comprised 17,214 patients aged B65 years (70.1 %) and 7357 patients aged [65 years (29.9 %) ( Table 1) .
The groups were formed by dichotomizing the continuous variable 'age' into 'B65 years ' and '[65 years.' In addition, the relationship of age to the categories of variables of interest is presented and discussed. The demographic and surgery-related parameters included sex (m/f), ASA classification (I-IV), risk factors, previous operations and hernia defect sizes based on EHS classification (grade I-III), proportion of scrotal hernias, type of anesthesia, elective or emergency and inpatient vs outpatient treatment. The outcome variables defined were the intra-and postoperative as well as general complication rates, reoperation rate, duration of operation and length of hospital stay. Categorical data are presented as absolute and relative frequencies; continuous variables are displayed as mean, median, standard deviation, quantiles and ranges. In the case of skewed distributions as seen for durations, data were log-transformed. For the bilateral patient group, data on the variables given for both sides operated on were aggregated. For inguinal hernia defects of different sizes, the side with the larger defect is given. Classification as scrotal hernia was based on the presence of at least one scrotal hernia for bilateral inguinal hernia. Intra-and postoperative complications were recorded if a complication presented on at least one side. The same method was used to present details of any reoperation.
All analyses were performed with the software SAS 9.2 (SAS Institute Inc. Cary, NY, USA) and deliberately reviewed to the full level of significance. Each p value B0.05 thus represents a statistically significant result.
After investigating dependency of outcome variables (intra-and postoperative as well as general complications, reoperation rate, duration of operation and length of postoperative hospital stay) on individual factors (age and other characteristics of patients as well as operation) in unadjusted, univariable analyses (Chi-square test, t test), multivariable models (continuously scaled outcome: general linear models, binary-scaled outcome: generalized linear models with logit link function) were applied, thus making it possible to analyze the influence of age adjusted by other possible influencing variables. The parameters of models and their corresponding 95 % confidence intervals are reported as results-odds ratios in case of logistic regression and beta estimates in case of general linear models.
The validity of the logistic models was investigated by means of LOESS regression allowing visualization of the relationship between influencing variable and outcome. Only if a monotone increasing or decreasing relationship is seen is the model valid.
Results

Unadjusted results
Unadjusted analyses of the influence exerted by patient classification into age groups on patient characteristic variables (Table 2) showed that the patients in the two age groups differed significantly from each other with regard to the majority of the variables analyzed. For example, the proportion of women in the age group over 65 years was significantly greater (p \ 0.001). Likewise, in that age group, there were significantly more higher ASA classifications, larger hernia defects and more emergency operations (in each case p \ 0.001). However, it must be borne in mind that due to the large number of cases even small, possibly clinically irrelevant, differences are identified as being significant.
A pronounced significant difference was found in the risk factors as well as in the rate of previous operations (Table 3 ). In the age group up to and including 65 years, 21.74 % of patients had at least one risk factor, whereas in the age group older than 65 years that applied for almost one-third of patients (p \ 0.001). Analysis of individual risk factors revealed that, apart from nicotine abuse, all risk factors were represented more commonly in the higher age group. As expected, that was also the case for the rate of previous operations. At 36.66 %, the rate of previous operations was significantly lower in the younger age group compared with the[65 year olds, where more than one out of every two patients had had at least one previous operation (p \ 0.001).
The unadjusted tests of the influence of age groups on the outcome parameters (Tables 4, 5 ) showed a significant difference in all perioperative complication rates, reoperation rate as well as in the duration of operation and the length of postoperative hospital stay.
While the median length of hospital stay (Table 4 ) in both age groups was 2 days, a significant difference of 0.2 days was identified for the mean value, which was more favorable in the younger age category (p \ 0.001). The significant difference in the duration of operation, which was on average 1.2 min, was accordingly small.
Overall, there were 0.41 % more intraoperative complications in the[65 years age group (p = 0.010), which was largely due a higher rate of intestinal injuries and bleeding ( Table 5 ). The difference in postoperative complications at 2.72 versus 4.59 % was even more pronounced to the disadvantage of the [65 years age group (p \ 0.001). That was imputable in particular to the higher rate of secondary bleeding and of seromas. There was also a difference of 0.3 % in the reoperation rate, again to the disadvantage of the [65 years age group (p = 0.044). There were twice as many general complications in the [65 years age group (0.85 vs 1.98 %, p \ 0.001). The main complications seen were coronary heart disease, myocardial infarction, renal and cardiac failure, pleural effusion and pneumonia, and these occurred more often in the[65 years age group.
Multivariable results
Because of the differences in the patient characteristics between the two groups, and in particular due to the potential influence exerted by these variables on the outcome variables, unadjusted analysis of the complication rates with respect to age groups can lead to distortions. The results were verified using multivariable models.
Model fit of intraoperative complications, which reflects the suitability of the influence parameters for explaining the values of the outcome variables, was not significant (p = 0.199). Therefore, it was not possible to find any evidence that individual variables had a significant influence on onset of intraoperative complications. The results of analysis of the postoperative complications are illustrated in Table 6 (model fit: p \ 0.001). The postoperative complication rate is impacted primarily by an advanced hernia disease and the general condition of the patient. Scrotal EHS classification also resulted in an increased complication risk (OR 2.738 [2.078; 3.609] [1.786; 20.167] ). The risk of reoperation also rose for scrotal inguinal hernias (p = 0.033; OR 1.807 [1.049; 3.111] Conversely-and contrary to the findings of unadjusted analysis-the reoperation rate did not differ significantly between the two age groups investigated. Table 8 gives the results of multivariable analysis of the influences impacting general complications (model fit: p \ 0.001). The general complications were influenced primarily by ASA status (p \ 0.001). In particular, ASA classification IV increased the complication risk (IV vs I: OR 6.355 [1.892; 21.345] ). Onset of general complications was likewise significantly more common in the [65 years age group than in the B65 years age group (p \ 0.001; OR 0.615 [0.473; 0.800] ). The use of the TAPP operation method also favored onset of general complications (p = 0.005). The corresponding risk rose for a TAPP operation with an odds ratio of OR 1.432 [1.114; 1.841] .
For an overall general complication rate of 1.19 %, that corresponds to occurrence of a complication in around 10 out of every 1000 patients undergoing surgery from the B65 years age group compared with 14 out of every 1000 patients for the [65 years age group.
Model fit of the duration of operation was also highly significant (p \ 0.001). The highly significant impact of the age groups on the duration of operation, which was demonstrated in unadjusted analysis, could only be confirmed as a trend in the multivariable model (Table 9 ). In reality, a large hernia defect, the presence of a scrotal hernia, surgery for a male patient, the use of TAPP and bilateral operation (in each case p \ 0.001) led to significant increase in the duration of operation. Table 10 shows the results of multivariable analysis of the factors influencing the postoperative length of hospital stay (model fit: p \ 0.001). The postoperative length of hospital stay was significantly increased in the [65 years age group also, when concurrently looking at the other influencing variables (p \ 0.001). All other influencing variables also had a significant impact on the length of stay. The length of hospital stay was increased in each case by the use of the TAPP operation method, bilaterality of operation as well as by a scrotal hernia. Besides, the postoperative stay was significantly longer for women than for men.
On the basis of the LOESS graphs, it can be seen that the proportion of higher ASA classifications and of risk factors rise almost linearly with increasing age (Fig. 1) . The postoperative complications increase as from age 80 years (Fig. 1) . 
Discussion
The registry study presented here investigated the influence of patient age [65 years on the perioperative outcome compared with that of patient age B65 years. In addition, other factors impacting onset of perioperative complications were identified and their relative influence on the results determined. The patients in the two age groups differed significantly from each other with regard to the majority of the variables analyzed. For example, in the [65 years age group, the proportion of women, higher ASA classifications, larger hernia defects, emergency operations, risk factors and previous operations were significantly greater.
Unadjusted analyses revealed that patients in [65 years age group had significantly higher intraoperative, postoperative and general complication rates as well as a higher reoperation rate linked to these complications. In multivariable analysis, it was not possible to find any evidence that individual variables influenced onset of intraoperative complications. As regards the postoperative complications, multivariable analysis showed the risk identified for the B65 years age group was significantly lower. Likewise, there were significantly fewer postoperative complications when using TEP, for smaller hernia defects, unilateral operation and a lower ASA classification. Conversely, scrotal EHS classification had an unfavorable influence on occurrence of postoperative complications. However, as in the TAPP group, the percentage of patients with scrotal hernias or with larger hernia defects is significantly higher compared with TEP both minimal invasive techniques are hardly comparable and conclusions should be drawn with caution.
On the other hand, the reoperation rate did not differ significantly between the two age groups in multivariable analysis. The probability of reoperation was increased by bilateral operations, a higher ASA classification, larger hernia defects as well as by a scrotal hernia, but not by the operation technique.
General complications were also seen in multivariable analysis significantly more often in the [65 years age group than in the younger patients. The TAPP operation method and a higher ASA classification are other unfavorable influence factors.
The postoperative length of hospital stay was significantly increased in the [65 years age group, also when concurrently looking at the other influencing variables.
The higher rate of postoperative surgical and general complications in patients in the [65 years age group compared with in the B65 years age group thus concords with the findings of the Swedish Hernia Registry [13] , Danish Hernia Registry [14] and of the National Surgical Quality Improvement Program of the American College of Surgeons [15] . However, the data presented here in this study additionally show that the age-related rise in postoperative surgical complications did not lead to an increased complication-related reoperation rate. Rather, it was more a bilateral operation, higher ASA classification, larger hernia defect and scrotal hernia which resulted in postoperative complications necessitating reoperation. These were also the influencing variables, in addition to TAPP, which apart from age [65 years gave rise to increased postoperative surgical complications, which could be treated conservatively. Accordingly, the higher perioperative complication rate associated with endoscopic/laparoscopic inguinal hernia surgery in patients [65 years compared with those B65 years is of multifactorial genesis. The same applies for the general postoperative complications, which in the [65 years age group were further negatively influenced by conduct of TAPP operation and the presence of a higher ASA classification. That, too, demonstrates the multifactorial influence exerted on the postoperative outcome of patients in the [65 years age group. The age limit of 65 years is used as a rule for analysis of the influence of age on the postoperative outcome following surgical procedures because of the fact that this is the retirement age in many countries [13] . However, our own analyses based on LOESS graphs show that age 80 years tends to be the time point from which a marked rise is seen in postoperative complications.
In summary, it can be stated that the increase in perioperative complication and reoperation rates associated with laparoscopic/endoscopic inguinal hernia surgery is not only influenced by higher age but mainly by other factors. These include, in particular, bilateral operation, large hernia defect or scrotal hernia and a higher ASA classification and a multitude of risk factors. It can also be demonstrated that it is only as from age 80 years that a relevant rise in postoperative complication rates can be identified. As such, age [65 years in itself does not constitute a risk factor for conduct of laparoscopic/endoscopic inguinal hernia repair. If this is indicated, the focus should be more on the factors identified by the presented study and which have a significant influence on the outcome. In patients over the age of 80, laparoscopic hernia repair is possible, but preoperative analysis of risk factors and their correction if possible should be mandatory [25] . Moreover, careful intraoperative monitoring by the anesthesiologist is essential and the possibility to stay for some hours in an ICU should be provided.
